Various methods have been described to extract RNA from nonadherent mammalian cells or are provided in protocols accompanying various commercially available reagents. (1-1~ Reverse transcriptase-PCR (RT-PCR) allows the amplification, even the quantitation, of previously undetectable amounts of mRNA. (11'1z) In this burgeoning field, some major points of interest have not yet been investigated: (1) comparison of the cited methods (given the importance of RT-PCR, limiting dilutional assays of cDNA transcripts is a better end point than other RNA parameters like spectrophotometry, Northern blotting, etc.); (2) whether total RNA or poly(A) RNA extraction is more favorable for subsequent RT-PCR; and (3) a detailed comparison of cDNA synthesis with oligo(dT), random hexamer, or RT-PCR downstream primers.
We have addressed these questions by extracting RNA from human lymphocytes. The extracted RNA [either poly(A) or total] was reverse-transcribed, and the cDNA was subjected to PCR-amplifying [3-actin, CD3, and ~//BTCR rearrangement VB2J~l.(~3-15~
MATERIALS AND METHODS Lymphocytes
Peripheral blood mononuclear cells (PBMC) from two healthy males (31 and 32 years old) were isolated by the Ficoll Hypaque method. (16) Cells were counted, and the cell suspension was either processed immediately or frozen in liquid nitrogen. We harvested 1.6x106 and 3x106 PBMC/ml. The cells were cryoconserved in RPMI 1640 containing 10% fetal calf serum and 30% dimethylsulfoxide (DMSO) (all reagents from Sigma, St. Louis, MO). Cells were either pelleted by centrifuging for 5 min at 12,000g or exposed to the lysis agent without centrifugation (volume 1:1). To estimate the effect of cell washing, one aliquot was washed three times with Hanks' balanced saline solution (HBSS) and one was left unwashed.
RNA Extraction
Nine different methods to extract total RNA and five to extract poly(A) RNA were applied to aliquots of the samples of PBMC ( Fourteen different methods of RNA extraction [either total or poly(A)] were applied with limiting dilutional assays of three different transcripts (~-actin, CD3, VB2J81). aThe maximum dilution of cDNA with positive amplification (as measured by ethidium bromidestained agarose gels of PCR products) in 50% of replicate assays is given. The figures were obtained from 106 lymphocytes. RNA was dissolved in 50 ~l of DEPC water. Ten microliters was reverse-transcribed with oligo(dT) in a total volume of 20 ~l. One microliter of the latter was subjected to PCR or subsequently diluted. At least four replicate assays per dilutional step were run. (N.D.) Not determined. bSubjective rating: (1) Most laborious; (6) most rapid and time saving. Criteria were total amount of time employed, number of centrifugation and washing steps, and convenience in terms of heating/cooling reagents and reactions. 
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thesized by Gene Link Inc., Thornwood, NY) were used to initiate cDNA synthesis.
PCR
Three different PCR assays were run; details of the assays are shown in Table 2 . For each PCR, the master mix was prepared with either potassium chloride (500 mM in 10x buffer) or with potassium glutamate (1000 mM in 10x buffer). ~ Ethidium bromide-stained agarose gels showing PCR products are depicted in Figure 1 .
RESULTS AND DISCUSSION
From this study, it became apparent that total RNA extraction with time-saving commercially available reagents and subsequent reverse transcription with either oligo(dT) or the RT-PCR downstream primer were the methods of choice for RT-PCR. In this setting the isolation of poly(A) RNA offered no particular advantage when compared with total RNA extraction.
Dilutional end points of [3-actin, CD3, and VB2J~I transcripts and subjective ratings of labor intensity are given in Table 1 (for examples, see Figure 1 ). Hence, methods 7-9 and 12 are the methods of choice. Method 12 was more laborious and expensive. We consider the small differences in dilutional end points between these methods as nonsignificant. Labor intensity rendered method 7 the most favored when processing larger sample numbers. In addition, no phenol waste was produced and samples could be processed conveniently at room temperature. Additional points of importance include the observation that after reverse transcription with oligo(dT) or RT-PCR downstream primer, the dilutional end point of the subsequent PCR was 10-fold lower than with random hexamer primer (Fig. ld) and that washed pelleted cells offered no advantage over unwashed cells. In addition, pelleting of the cells led to 10--100 lower dilutions than did direct exposure to the lysis agent. We also found that the same dilutions could be reached with cryoconserved or immediately processed cells and that DNA contamination could not be detected in total RNA processed according to methods 1-14. Moreover, a temperature of 43~ for reverse transcription slightly increased the yield of cDNA in comparison with 37~ Finally, a PCR master mix containing potassium glutamate instead of potassium chloride offered no particular advantage.
Thus, although all methods had their merits, the method of choice for the work described is total RNA extraction with commercially available reagents.
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